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Mesoscale convective systems (MCSs) are one of the major meteorological hazards throughout 
47
One of the major differences between the tropics and midlatitude environment is temperature 48 lapse rate. Because of the difference in temperature lapse rate, the melting level is different between 49 tropical and midlatitude squall lines; therefore, the impact of melting processes affects differently 50 tropical and midlatitude squall lines (Tao et al., 1995) . Another important point for the difference parcels becomes also smaller. Then it would take a longer period of time for the air parcels to be 63 raised from the low levels to the upper levels. In this case, the updraft parcels will experience more 64 dilution by the environmental air, which leads to the deceleration of the upward motion. On the 65 other hand, stronger updrafts resulted from larger buoyancy are less diluted by the environmental air, 66 sustaining their strength until reaching the buoyancy equilibrium level.
67
Another aspect for the difference in the vertical distribution of buoyancy is how the buoyancy 68 differs for air parcels originating at different levels. Most of the studies assess the buoyancy only for 69 an air parcel at the lowest level or at a level representing boundary-layer characteristics. Takemi represented by the vertical distribution of convective available potential energy (CAPE) for air 75 parcels originating at different levels (Takemi, 2010) , and thus the vertical profile of CAPE can be a (2010)). Since the magnitude of buoyancy depends on the temperature lapse 81 rate, the impacts of temperature lapse rate that closely follows an observed environment in the 82 tropics should be further investigated. Furthermore, in the study of Takemi (2010) , the impacts of 83 changing the vertical distribution of CAPE on the simulated squall lines were not actually separated 84 from those of changing the temperature lapse rate, which requires us to explore the effects of 85 temperature lapse rate for the tropical and the midlatitude environment by controlling the CAPE 86 distribution.
87
The purpose of this study is to investigate the sensitivity of the structure and intensity of squall The atmospheric model used in the present numerical experiments is a version of the Weather Weisman et al. (1988) , and Weisman and Rotunno (2004) . In line with their 105 studies and our previous studies (Takemi, 2006; 2007a; 2007b; 2010) with idealized numerical 106 experiments, we set the model configuration as having no Coriolis force, no surface fluxes, and no 107 atmospheric radiation. In addition, we assume that the base-state atmosphere of the model is 108 horizontally homogeneous.
109
Because of the idealization, the physics processes included are only cloud-microphysics and 110 turbulent mixing. Cloud microphysics processes are parameterized by the scheme of Tao et al. eddy viscosity formulation is set to be 0.15, based on the study of Takemi and Rotunno (2003) .
116
The grid spacings of the numerical experiments are 500 m in the horizontal directions and 45-900 117 m, stretched with height, with 116 levels in the vertical direction in the computational domain of 118 300 km (east-west, referred to as x axis) by 60 km (north-south, y axis) by 23 km (vertical, z axis).
119
The lateral boundary conditions are periodic at the north and south boundaries and open at the east 120 and west boundaries. The lower boundary is free slip, while the upper boundary is rigid with a 121 Rayleigh-type damping layer imposed in the upper 5-km layer.
122
The base-state is determined by thermodynamic profiles that are intended to represent the tropical, (Trier et al., 1996) . This environment is hereinafter referred to as TROPICS.
126
On the other hand, the midlatitude, continental profile is given with an analytical function that is a 
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On the other hand, the MIDLAT moisture profile is determined based on the analytical sounding 137 (Weisman and Klemp, 1982) and is divided into two types: a moist type (the original temperature (Doswell and Rassmussen, 1994) . It is seen that the CAPE distribution is nearly the 153 same in TROPICS and MIDLATD.
154
It is known that the intensity of the shear in the lower and middle layer of the troposphere, which 7 is oriented perpendicular to squall lines, has a major impact on the organization and structure of 156 squall lines (e.g., Weisman and Rotunno, 2004) . Therefore, in the present experiments we set the 157 uni-directional shear profile in the lower layer (i.e., the height between 0 and 2.5 km, referred to as 158 low-level shear) or in the middle layer (i.e., the height between 2.5-5 km, referred to as mid-level 159 shear) or in the deep layer (i.e., the height between 0-5 km, referred to as deep shear) as shown in 160 Fig. 3 . A weak and a strong shear are prescribed over the depth of 2.5 km in the lower layer (Fig.   161 3a) and the middle layer (Fig. 3b) in the lowest 5 km (Fig. 3c) , which is intended to keep the 164 intensity of shear the same with the weak shear. For each thermodynamic profile (TROPICS,
165
MIDLATM, and MIDLATD), these five shear profiles are defined.
166
Furthermore, the initial disturbances are given by both warm and cold linear-type potential 167 temperature perturbation aligned in the north-south direction placed at the center point in the x axis.
168
The peak of potential temperature perturbation from the base state is +3 K for the warm thermal and thermal is referred to as W-type, while that initialized by the linearly oriented cold pool is as C-type.
173
Taking into account the different initialization, the thermodynamic profiles, and the shear profiles, TROPICS cases that the case with the cold initialization exhibits a more linearly organized structure 223 in the north-south direction than the warm-initialization case. In the system in the TROPICS-C case 224 (Fig. 5b) , active convective clouds are located in the frontward of the system, and clouds 225 associating with no significant vertical motion (see Fig. 4b ) spread in the rearward of the system.
226
This feature is not seen for the system in the TROPICS-W case (Fig. 5a ). As described later in 227 section 3.2, the intensity of cold pool is weaker in TROPICS-C than in TROPICS-W. It is thus 228 suggested that mechanisms other than the cold-pool forcing, such as upward displacement of 229 gravity waves in the moist environment (Fovell et al., 2006) , may play a role in TROPICS-C.
230
As described previously, the shear profile affects the structure and intensity of squall lines. For Figs. 6a and 6b) is seen to be smaller than that in the midlatitude cases.
254
From these comparisons, it is found that the sensitivities to shear profile and initialization method 255 appear differently either in the midlatitude environment and the tropical environment. These The maximum updraft speed within the whole computational domain was extracted at each speeds at grids identified as the updraft were spatially averaged over the total updraft grids, and the 300 maximum speed was also chosen. In addition, the areal coverage of updraft cells was calculated.
301
This calculation was done for all the model output times during 2 and 6 hours, and the means and 302 maxima were temporally averaged. Again, sensitivity to the initialization method is found for the MIDLATD cases, which is related to 321 the intensity of surface cold pool and is discussed later in this section. 
340
In Fig. 12 , the mean precipitation intensity averaged over the computational area and over the 341 period during 2 and 6 hours is shown. The standard deviation calculated from the time series of 342 area-mean precipitation intensity is also included in this figure. The temporal and spatial mean of 343 precipitation intensity is proportional to the total accumulation of precipitation over the 344 computational area during the specified time frame. In accordance with the updraft statistics and 345 total water content produced at the 3-km height, the MIDLATM-W condition produces the largest 346 amount of precipitation for all the shear cases. On the other extreme, there is virtually no 347 precipitation in the MIDLATD-W condition for every shear profile, corresponding to little amount 348 of water condensate generated in this thermodynamic condition (Fig. 11) . Furthermore, the lower 349 atmosphere is quite dry (Fig. 1b) , and hence precipitation produced evaporates before reaching the 350 ground surface. Although the updraft appears to be strong in terms of its peak value, precipitation is 
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The different responses of the mean and the peak intensity of precipitation to the thermodynamic 370 condition and the shear profile were identified in Takemi (2007a) and will be discussed in section Therefore, not only the strong shear but also the weak shear is able to balance the cold-pool 393 intensity, explaining higher amount of mean precipitation in both the strong and the weak shear case 394 in the TROPICS environment shown in Fig. 12 .
395
Although the vertical distribution of CAPE is the same in MIDLATD-C and TROPICS, the 396 cold-pool intensity is stronger in MIDLATD-C than in TROPICS with the surface-based shears.
397
Comparing the total water content at the 3-km level (Fig. 11 ) and the mean precipitation (Fig. 12) , it 398 is suggested that the evaporative cooling of falling precipitation plays a role in producing stronger 399 cold pool in MIDLATD-C. Therefore, it is important to take into account the difference in the for parcels at levels up to the 2-km height, decreasing to zero above the 3-km height, although 411 CAPE for the surface air parcel is the same among the three thermodynamic profiles (Fig. 2) . The Sensitivity to the initialization method is pronounced for the MIDLATD cases, compared with the 416 TROPICS cases. In the MIDLATD-W case, virtually no precipitation is produced (Fig. 12) ; this is 417 because initial thermal did not strongly develop in the dry environment and hence was not able to 
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On the other hand, the precipitation statistics, i.e., the means and the maxima of precipitation 434 intensity, show a different feature. The mean precipitation intensity, which is proportional to the 435 accumulated precipitation during the same time period, in MIDLATD-C is almost comparable to 436 that in TROPICS for the surface-based shears, although the total water content at a higher level is 437 larger in MIDLATD-C than in TROPICS. In contrast, it is not true that the maximum precipitation shown in Fig. 12 , since the mean precipitation is proportional to the total precipitation. In other 450 words, the total amount of precipitation is strongly controlled by the degree of organization and 451 intensification of a convective system as a whole. On the other hand, the instantaneous maxima of 452 precipitation intensity are not directly related to the organization of convective system as a whole 453 but dependent on the intensity of individual convective cells that are dependent on CAPE.
454
A seemingly peculiar behavior of maximum precipitation intensity was also identified in Takemi
455
(2010), and may be related to the total moisture content available for the development of a 456 convective system, that is, precipitable water content. As mentioned in section 2, the largest amount 457 of precipitable water among the three thermodynamic conditions is TROPICS, which appears to 458 correspond to the behavior of the maximum precipitation intensity. It was found from the analyses 459 of an observed derecho-producing convective system that high precipitable water is an important 460 factor in generating the significant derecho-producing convective event (Coniglio et al. 2011 ). In 461 the present study, we do not take into account the sensitivity to precipitable water, which remains to 462 be a future issue. Another point to note here is that the dependence of the simulated convective system to the 475 initialization method appears differently in response to the prescribed thermodynamic conditions.
476
Among the cases examined here, the MIDLATD condition shows a pronounced sensitivity to the 477 initialization method. This is considered to be due to the dryness below the 6-km height, which is 
508
It was demonstrated that the strength and area of updraft cores within the simulated convective 509 system are significantly regulated by the temperature lapse rate, which is regarded as a proxy for the 510 vertical profile of buoyancy for an adiabatically lifted air parcel. An environment with a larger lapse 511 rate leads to the development of stronger updrafts and a wider updraft area within a convective 512 system. In other words, the vertical profile of buoyancy that is closely relevant to the temperature 513 lapse rate strongly affects the characteristics of updrafts despite that the CAPE distribution is similar. 
516
The dependence of mean precipitation intensity produced by a convective system to 517 environmental thermodynamic conditions is well explained by the vertical distribution of CAPE. If 518 the layer hosting a significant amount of CAPE for air parcels originating not only at the surface but 519 21 also at elevated heights becomes deeper with the surface-based CAPE unchanged, the precipitation 520 amount of a convective system increases. In contrast, if the vertical distribution of CAPE is 521 unchanged, the precipitation amount remains similar. For example, the change in temperature lapse 522 rate but with the profile of CAPE being unchanged will not lead to the change in precipitation 523 amount produced by a convective system. Therefore, it is concluded that the shape of the vertical 524 distribution of CAPE for air parcels originating at different levels affects the precipitation amount 525 generated by a convective system.
526
It is suggested from the numerical experiments examining the sensitivity to the initialization 527 method that the diagnosis of environmental thermodynamic conditions is able to explain the 528 structure and intensity of convective systems at their mature stage but is not capable of predicting 529 the initiation of convective systems from an undisturbed state.
530
The importance of the vertical distribution of CAPE implies that precipitation characteristics in a 531 future climate under global warming may be explained by thermodynamics conditions. For example, The GFD Dennou Library was used for drawing some of the figures. List of Figures   Fig. 1 . The base-state vertical profiles of (a) potential temperature and (b) relative humidity for the cases of TROPICS (red), MIDLATD (green), and MIDLATM (blue). in the 2.5-5 km layer). hours.
